Context. Given the current and past star-formation in the Milky Way in combination with the limited gas supply, the re-fuelling of the reservoir of cool gas is an important aspect of Galactic astrophysics. The infall of H i halo clouds can, among other mechanisms, contribute to solving this problem. Aims. We study the intermediate-velocity cloud IVC135+54 and its spatially associated high-velocity counterpart to look for signs of a past or ongoing interaction. Methods. Using the Effelsberg-Bonn H i Survey data, we investigated the interplay of gas at different velocities. In combination with far-infrared Planck and IRIS data, we extended this study to interstellar dust and used the correlation of the data sets to infer information on the dark gas. Results. The velocity structure indicates a strong compression and deceleration of the infalling high-velocity cloud (HVC), associated with far-infrared excess emission in the intermediate-velocity cloud. This excess emission traces molecular hydrogen, confirming that IVC135+54 is one of the very few molecular halo clouds. The high dust emissivity of IVC135+54 with respect to the local gas implies that it consists of disk material and does not, unlike the HVC, have an extragalactic origin. Conclusions. Based on the velocity structure of the HVC and the dust content of the IVC, a physical connection between them appears to be the logical conclusion. Since this is not compatible with the distance difference between the two objects, we conclude that this particular HVC might be much closer to us than complex C. Alternatively, the indicators for an interaction are misleading and have another origin.
Introduction
To constantly form stars, disk galaxies such as the Milky Way need to acquire gas across cosmic times to re-fuel their gaseous reservoir (e.g. Putman et al. 2012) . The required mass flow needs to be in excess of or equal to the star formation rate (SFR) of 1.9 ± 0.4 M yr −1 (Chomiuk & Povich 2011) . Leitner & Kravtsov (2011) argued that recycled gas from stellar mass loss can account for much of the required matter, but an infall of pristine or sub-solar gas is required to generate the observed metallicity of stars (G-dwarf problem, Alibés et al. 2001; Schön-rich & Binney 2009 ). This indicates that a significant gas fraction needs to come from regions beyond the Milky Way galaxy disk.
Another potential source of star formation material is recycled disk gas, mixed with halo gas via Galactic fountains (Shapiro & Field 1976; Houck & Bregman 1990) . Recent simulations showed that this formation channel yields a sufficient mass inflow to successfully model the evolution of the Milky Way Fraternali et al. 2013 ). The models assume a mixture of rising Galactic fountain gas with halo material of low angular momentum. The results agree well with the observed kinematics of nearby spiral galaxies (Fraternali & Binney 2008) .
Since their discovery by Muller et al. (1963) , high-velocity clouds (HVCs) have been considered to be candidates for inflowing gas. However, recent studies showed that the HVC gas accretion mass flow is only of the order of 0.08 M yr −1 (Putman e-mail: dlenz@astro.uni-bonn.de et al. 2012) . In combination with the merging of gas-rich satellite galaxies, accretion rates of 0.1−0.2 M yr −1 are expected, corresponding to only 10% of the SFR (Sancisi et al. 2008) .
By comparing simulations and observations, Peek et al. (2008) confirmed this HVC accretion rate of 0.2 M yr −1 and furthermore concluded that neutral atomic hydrogen is just a minor (30 %) constituent of HVCs, which are thought to be predominantly ionised. These conclusions are consistent with those of Barger et al. (2012) who investigated the Hα content of HVC complex A and those of Fox et al. (2006) who study highly ionised species such as O vi and C iii for various lines of sight and deduced that HVCs have a multiphase structure.
Here, we aim to investigate observationally the role of infalling sub-solar metallicity HVC gas by studying the gas-todust relation of high Galactic altitude clouds.
Interaction of HVCs with the disk-halo interface
In the past decades the interaction of HVCs with their ambient medium has been studied extensively. The Gould Belt (Comeron & Torra 1994 , and references therein) is a prime example for such a region because it has been proposed that it was shaped by the collision of an HVC with the Galactic disk. The Smith Cloud and its possible interaction with the coronal halo medium have been studied by Lockman et al. (2008) . In their review on HVCs, Wakker & van Woerden (1997) terface. With the exception of HVC complex M (Danly et al. 1993) , the confirmed distance of HVCs, determined by absorption line studies, reaches up to around 10 kiloparsec. Thus, the neutral gas is too far away to physically interact with the gas located at the disk-halo interface. It has been proposed that a physical connection between HVC and IVC gas is detected by H i 21 cm line emission (Pietz et al. 1996) . So-called velocity bridges (VB) in H i appear to continuously connect the HVC and IVC in H i spectra in the general direction of HVC complex C. Spatially correlated with these H i VBs, Kerp et al. (1999) found large-scale soft X-ray enhancements in ROSAT (Voges et al. 1999 ) all-sky survey data. The emission measure and plasma temperature suggest a compression of coronal halo gas at the leading edge of the HVC neutral rims, leading to a volume density enhancement by an order of magnitude at a presumed altitude of 4 kpc. This implies that HVC gas is decelerated, the ambient halo gas being compressed and finally becoming neutral in the disk-halo interface region, which is assumed to be located at an altitude between 0.8 and 1.5 kpc (Richter et al. 2001; Ben Bekhti et al. 2012) .
Collisions of HVCs with Milky Way disk gas force the formation of density enhancements, yielding a mixture of disk and sub-solar metallicity gas. Accordingly, targets of our search for potential interactions of HVC with the Galactic disk are IVCs with sub-solar metallicities and a close positional association with HVCs.
IVC135+54
An example of an IVC with sub-solar metallicity and close positional correlation with an HVC is located at Galactic coordinates (l, b, v LSR ) = (135
• , +54
• , −45 km s −1 ) (Figure 1 , hereafter IVC135+54, also catalogued as IV21 in Wakker 2001) . IVC135+54 has been extensively studied over the past three decades across a wide range of wavelengths. The cloud and its associated HVC are located at the north-eastern tip of the HVC complex C (Wakker & van Woerden 1997) . Thom et al. (2008) located large parts of complex C at a distance of approximately 10 kpc. This distance, combined with the metallicity of ∼ 0.15 Z (Fox et al. 2004) , led to the hypothesis that complex C is either accreted from the intergalactic medium (IGM), or stripped off from a satellite galaxy (Richter 2012) .
Using Na i absorption lines, Benjamin et al. (1996) bracketed the distance to IVC135+54 and found a best estimate of d = (355 ± 95) pc. The high Galactic latitude of the IVC allows its height above the Galactic plane to be relatively precisely calculated at z = (285 ± 75) pc. This is approximately the thickness of the H i layer (Kalberla & Kerp 2009 Winkel et al. 2010; Kerp et al. 2011 ) together with Planck (Planck Collaboration 2013 VI) and IRIS (MivilleDeschênes & Lagache 2005 ) data, we investigate the interaction scenario and the implications for the transition of gas phases in the IVC. The main aim of the present work is to test whether IVC and HVC are in physical contact and to investigate the properties of dust and gas in the clouds.
The outline of this article is as follows: In Sect. 2 we introduce the EBHIS data of atomic hydrogen and the FIR data. In Sect. 3 we present the results from the spectroscopic H i data and analyse the velocity structure of the HVC-IVC system. Furthermore, we present our Bayesian model to describe the correlation between H i and dust and estimate the molecular hydrogen column density. In Sect. 4 we discuss the proposed interaction scenario and the distance discrepancy. In Sect. 5 we summarise the results.
Data
We briefly present the three different data sets used for this work. For a detailed description, see the papers accompanying the data releases: Kerp et al. (2011) and Winkel et al. (2010) for EBHIS, Miville-Deschênes & Lagache (2005) for the improved reprocessing of the IRAS Survey (IRIS) and Planck Collaboration (2013 VI), for example, for the high-frequency instrument onboard the Planck satellite. The parameters and properties of the data sets are summarised in Table 1 .
EBHIS
Using the Effelsberg 100-m telescope, EBHIS covers the emission of atomic hydrogen across the entire sky north of −5
• at an effective angular resolution of 10.8 . Using FPGA-FFT spectrometers (Klein et al. 2006 ) with 100 MHz of bandwidth, EBHIS covers not only the Milky Way, but also the local Universe out to a distance of D ≈ 280 Mpc or a redshift of z ≈ 0.07. With respect to the Leiden/Argentine/Bonn Survey (LAB, Kalberla et al. 2005) , EBHIS offers the advantage of superior resolution (10.8 vs. 60.0 ) at similar sensitivity, full angular Nyquist sampling, and coverage of both Galactic and extragalactic H i emission. The average noise level is 90 mK per channel (1.29 km s −1 ) for the Galactic data. A full description of the data reduction is given in Winkel et al. (2010) .
FIR data
Based on data of the Infrared Astronomy Satellite (IRAS, Neugebauer et al. 1984) , Miville-Deschênes & Lagache (2005) generated the improved reprocessing of the IRAS survey (IRIS) for wavelengths of 60 µm and 100 µm. They used advanced algorithms and cross-calibration, mainly with the Diffuse Infrared Background Experiment (DIRBE), to improve the final data product, for instance, in terms of zero level, de-striping, calibration, and removal of zodiacal light. The IRIS FIR data are complemented by the 2013 release of the Planck high-frequency data (e.g. Planck Collaboration 2013 VI). We used these data of Galactic dust emission to investigate the correlation of H i and interstellar dust. Throughout this paper, we work with Planck data from the 857 GHz map because dust at typical temperatures of 20 K is most luminous at these frequencies. Furthermore, we used the Planck sky maps with information on the dust temperature and optical depth, extracted from a modified blackbody fit to the FIR spectrum (Planck Collaboration 2013 XI).
Analysis
To ensure a proper comparison of the different data sets and to minimise systematic uncertainties resulting from interpolations, we smooth those data with higher spatial resolution to the appropriate lower resolution of the EBHIS data by convolving them with a Gaussian kernel. The fact that the Planck beam is not a perfectly symmetric Gaussian does not have a measurable impact, as the EBHIS resolution is much lower (Table 1) .
We use data in the HEALPix format (Górski et al. 2005 ) for pixel-based comparisons which require an equal-area projection. The presented maps are projected from HEALPix onto a SansonFlamsteed grid (Calabretta & Greisen 2002) for displaying purposes.
H i data
Using the EBHIS measurements of neutral atomic hydrogen, we studied the three-dimensional structure of the interstellar medium and analysed the interplay of the different velocity regimes with high spectral resolution. The Doppler radial velocity information of the H i data allows us to infer the acceleration and deceleration of gas.
The EBHIS column density map of IVC135+54 is shown in Figure 1 . The IVC in H i consists of three distinct clumps and an extended arc-like shape that was also pointed out by Hernandez et al. (2013) . In addition to the emission from IVC135+54 itself, we find H i emission in the general direction of the IVC in the form of fine filamentary structures and diffuse background gas. We estimate the H i mass of IVC135+54 to be 650 +400 −300 M at a distance of 355 pc (Benjamin et al. 1996) . The uncertainty in this mass estimate is dominated on the one hand by the distance uncertainty and on the other from diffuse and filamentary emission in the direction of IVC135+54. Thus, our calculations serve only as an order-of-magnitude estimate. Adopting this mass and spherical symmetry, we find a mean H i volume density of n = 300 cm −3 . An average H i spectrum of the region indicated in Fig. 1 is shown in Fig. 2 . For each channel of the three-dimensional datacube, we computed the median and the standard deviation. Based on the standard deviation spectrum, we decomposed the H i data into three components at low, intermediate, and high velocities. Following the approach of the Planck Collaboration (2011 XXIV), minima in the noise spectrum were used to separate the H i components. The column density maps for each component are shown in Fig. 3 .
Velocity structure
To investigate the velocity structure and the proposed connection of high-velocity and intermediate-velocity gas, we generated a longitude-velocity diagram of IVC135+54 (Figure 4 ). The IVC is the brightest component, located around v LSR ≈ −50 km s −1 . The right-hand panel is a magnified version that has been spectrally smoothed to a resolution of 5 km s −1 . Contours mark the 5σ-level and 8σ-level. The local gas at radial velocities around 0 km s −1 is rather faint with T B ≈ 1 K. Towards high negative radial velocities around −130 km s −1 , the HVC is visible. The velocity difference between the HVC components and its appearance in the column density map (Fig. 3) indicates a head-tail (HT) structure (Brüns et al. 2000) .
We confirm the velocity bridge that connects IVC and HVC gas, as detected in previous studies by Pietz et al. (1996) . The VB has a brightness temperature of approximately 0.4 K and implies that the HVC gradually slows down and merges with the Article number, page 3 of 11 Fig. 3 . EBHIS column density maps of LVC, IVC, and HVC gas based on the velocity thresholds shown in Fig. 2 . The LVC component is rather faint and diffuse, while the IVC is very bright with peak brightness temperatures of 4 K. For the HVC, there is hardly any background emission and the HVC has a steep brightness gradient in the eastern direction, towards the IVC. • . Right: Zoom, smoothed to a velocity resolution of 5 km s −1 . The VB connecting HVC and IVC is highlighted by white contours at the 5σ-level and 8σ-level, corresponding to brightness temperatures of 250 mK and 400 mK.
IVC in velocity space. The VB column density is in the range of 2 − 3.5 × 10 19 cm −2 and thus three times lower than the HVC, which has peak column densities around 1.2×10 20 cm −2 . To convert the column density into a volume density and a mass for the VB, we estimated its radial extent. Adopting the hypothesis of a physical contact between the neutral gas phase of the IVC and the HVC locates the VB at a distance of 355 pc (Benjamin et al. 1996) . Assuming spherical symmetry, the angular extent of approximately 2 × 2 degree yields an H i number density of n H i 1 cm −3 and an H i mass of about 10-20 M . To study the IVC and its velocity structure, we generated a Renzogram (e.g. Schiminovich et al. 1997) , which allowed us to investigate the spatial axes simultaneaously with the velocity structure ( Figure 5 ). For each spectral channel of our observations (∆v = 1.3 km s −1 ), we drew a contour line at the fixed brightness temperature of 5 K and colour-coded each contour with the corresponding radial velocity. This type of plot is preferred over velocity-weighted intensity maps because it provides different information on the velocity substructure of the IVC. We also covered a broader velocity range because no averaging is involved in the Renzogram. We find a velocity shift of approximately 15 km s −1 across the IVC. At the hypothetical impact position of the HVC, that is, between its head and the arc in the IV regime, the radial velocity shift is reduced to approximately 10 km s −1 . This is slightly different from the 15 km s −1 shift towards the high-b or low-l end of the IVC and is consistent with the interpretation of momentum transfer from the HVC to the IVC.
To deduce a coherent view of IVC135+54 it is essential to consider not only the IVC and the VB, but also the HVC, which has been proposed to interact with IVC135+54. We investigate the HVC for signatures of shocks and their potential influence on the dust grains and on the hydrogen phase transitions (e.g. Guillard et al. 2009 ). The sound velocity of the HVC head is determined by fitting two Gaussian components to the HVC spectrum. The location is chosen via the HVC head column density maximum (Fig. 3) . This returns line widths of 15.2 km s −1 (cold component) and 36.0 km s −1 (warm component). We converted the line width to upper limits of the kinetic temperature via the relation
The adiabatic index γ of atomic hydrogen is 1.67. The resulting upper limits to the kinetic temperature are 8400 K (cold component) and 2.9 × 10 4 K (warm component), which significantly exceeds typical temperatures (see e.g. Draine (2011) , who gives ∼ 100 K and ∼ 5000 K). Hence, we suggest that the line width is dominated by turbulence and not by the kinetic temperature.
Conditions for shocks can be determined by converting the temperatures into sound velocities c S Based on the temperature estimates, the calculated upper limits to the sound velocities range from 6.5 km s −1 to 15.6 km s −1 . Because of the large velocity difference ( 40 km s −1 ) between HVC and IVC, the proposed HVC impact causes supersonic shock waves.
Dust data
In addition to the H i data, information on interstellar dust grains as extracted from the FIR IRIS and Planck data allow us also to probe the molecular and ionised gas phases. This analysis can only be applied to the IVC however, because the HVC is not detected in the FIR data. For a distant HVC, the relatively weak interstellar radiation field (ISRF) at high Galactic altitudes decreases the illumination of dust grains by UV-starlight. Additionally, the suggested extragalactic origin of HVCs and especially of HVC complex C would be expected to be associated with low metallicities (∼ 0.15 Z , Fox et al. 2004 ) and thus in small dust abundances.
The dust temperature map of IVC135+54 is displayed in Fig.  6 (Planck Collaboration 2013 XI). It shows that the dust in the IVC is cooler ( 20 K) than in the environment ( 22 K), which is associated with the higher H i column densities and the presence of different molecular species in the cloud (e.g. Weiß et al. 1999) . However, recent studies (Planck Collaboration 2013 XI) find that the coupling between dust and gas temperature is weak. Thus, dust temperature fluctuations might instead be interpreted as signature of dust evolution.
H i-dust correlation
The correlation between neutral hydrogen and FIR dust emission has been shown to be linear up to H i column densities of 1.5 to 5 × 10 20 cm −2 (Desert et al. 1988; Boulanger et al. 1996; Reach et al. 1998) . For higher column densities, the FIR emission is in excess with respect to the linear model (Reach et al. 1998; Planck Collaboration 2011 XXIV, 2013 .
This excess emission can partly be attributed to H i selfabsorption. If the assumption of optically thinness is violated, the observed H i column density is systematically underestimated. However, the contribution from this process is only about a few percent in the present case because of the low H i column den-sities in IVC135+54 (Planck Collaboration 2011 XXIV; Braun 2012) .
Since FIR dust emission traces not only hydrogen in the atomic phase, but actually the total hydrogen column density
the excess emission can be used to trace ionised and molecular hydrogen.
To disclose possible deviations from the correlation for instance as a result of variable dust emissivity (Planck Collaboration 2013 XI), we used not only the FIR intensity to trace interstellar dust, but also the dust opacity
at 353 GHz provided by Planck Collaboration (2013 XI), which is a measure of the total hydrogen column density. We dropped the index ν because we only used this frequency. In the following, τ is used as a measure for the dust column density for all equations and expressions related to the H i-dust correlation.
To account for the different dust emissivities
of local gas as well as intermediate-and high-velocity gas, we adopted the approach of the Planck Collaboration (2011 XXIV). Hence, we interpret the total dust opacity as
Here, i cycles over the LVC, IVC, and HVC component of the H i emission presented in Fig. 3 . Z is a global offset to the full map and R is the residual emission that disagrees with this linear model. To properly account for the FIR excess emission of the IVC, we modified Eq. (6) to differentiate between two emissivities in the IVC regime: For low H i column densities, we expect both the atomic and the ionised phase but used a single value because the FIR emissivity scales only according to the number of nucleons. At high H i column densities, the molecular hydrogen contributes to the dust opacity, yielding a higher emissivity. Hence, these emissivities reflect the atomic and the molecular hydrogen of the IVC, respectively. The transition between the two emissivities IVC, low and IVC, high is realised using a step function θ(N 0 H i ). The IVC contribution to the dust opacity, τ IVC , can then be written as
We solved Eq. (6), using a Bayesian analysis realised with a Markov chain Monte Carlo (MCMC) approach that is implemented in PyMC (Patil et al. 2010 ). Fig. 7 shows the result of this model. A pixel-based evaluation of the results is shown in Fig. 8 . To compute the dust opacity for the different velocity intervals, the contribution from sources other than the one shown were subtracted from the total opacity, that is,
The right-hand side of Fig. 8 clearly illustrates that a simple, linear approach cannot describe the data properly. Unlike the Planck Collaboration (2011 XXIV), for instance, we did not mask the data points that contain FIR excess emission, but included them in our model, which allowed us to better quantify this excess emission. The switchpoint N 0 H i of the transition is another additional parameter that is sampled by the Bayesian model. With this we also determined the column density threshold at which molecular hydrogen starts to dominate the atomic hydrogen. This approximation yields an emissivity HVC lower than zero, which cannot be motivated physically. The very low dust content of the HVC, if any, in combination with the statistical and systematical uncertainties biases the performed fit to this result. Although the MCMC error for HVC is small, we show below that additional systematic uncertainties have to be taken into account (Sect. 3.4). One of these systematic effects is the quantitative subtraction of the FIR emission of the cosmic infrared background (CIB) that needs to be accounted for (Puget et al. 1996 ; Planck Collaboration 2013 XI).
As expected, the IVC emissivity at low H i column densities, IVC, low , is extremely low. This results from foreground opacity that is modelled via LVC and Z. Hence, IVC, low can be interpreted as systematic uncertainty to our foreground correction. For the high H i column density part of the IVC, IVC, high , the spatial correlation between H i and dust is very tight and properly reflected by the high emissivity. This FIR excess part of the diagram allows us to infer information on the molecular hydrogen.
For the H i column density N 0 H i at which the data deviate from a linear correlation, we find a value of 0.75 × 10 20 cm −2 . This is lower than the commonly accepted value of 1.5 to 5 × 10 20 cm −2 (Desert et al. 1988; Boulanger et al. 1996) , but it must be noted that this transition was computed after accounting for the LVC foreground gas with median column densities of about 0.4 × 10 20 cm −2 . Therefore, we arrive at a classical threshold of approximately 1.15 × 10 20 cm −2 , which is consistent with previous studies. Furthermore, the pronounced front in the residual map (right-hand side of Fig. 7) is connected with the dense HVC head, which appears to be strongly decelerated with respect to the HVC tail.
As argued earlier, the dust opacity is more resistent to variations in the ISRF than the FIR intensity. Hence, we used the emissivities derived with the opacity for subsequent steps of the analysis. The FIR intensity-based emissivities are used for a comparison with other studies (Sect. 4.1). log(Number of data points) Fig. 8 . Dust opacity at 353 GHz as a function of the EBHIS column density for the LVC and IVC gas. The H i column densities correspond to the maps shown in Fig. 3 . For the opacities, the contribution from sources other than the one shown are subtracted from the total opacity according to Eq. (8). The linear correlation, corresponding to the emissivity , is shown in blue. For the IVC, two different emissivities are used to model the correlation (Eq. 7).
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Displacement-map method
The derivation of dust emissivities i assumes independent and identically distributed Gaussian uncertainties in the residuals (R in Eq. 6). The right-hand side plot in Fig. 7 clearly shows that this assumption is not valid for our data, given the structure and large-scale variations in the residual. Therefore, we investigated the uncertainty σ pos , introduced by varying the position of the cloud across the sky and evaluating the model for each position shift. The displacement-map method was applied by Peek et al. (2009) to investigate the dust content of different HVCs and IVCs. Peek et al. (2009) aimed to obtain a reliable estimate of the uncertainties on the emissivities i . For a full description we refer to Peek et al. (2009) , particularly to their Fig. 6 .
In brief, we performed template matching of the dust opacity and H i column density map of IVC135+54. That is, we crosscorrelated the measured H i map and the calculated opacity of the IVC. This cross-correlation is highest at the location of the cloud. The amplitude of the chance correlation across the map can be used as measure of the uncertainty. The displacementmap for the IVC and HVC is shown in Fig. 9 . To evaluate the uncertainty σ pos we computed the standard deviation in signal-free regions in the displacement-map for the IVC and HVC. We find these uncertainties to be σ pos = 0.33×10 −26 cm 2 for the HVC and σ pos = 0.07×10 −26 cm 2 for the IVC. This means that the negative emissivity of 0.09 × 10 −26 cm 2 for the HVC is not significant, but results from the chance correlation. For the much more luminous IVC, the displacement-map method yields an uncertainty consistent with the MCMC error estimate (see Table 2 ).
FIR excess emission as a tracer of molecular hydrogen
Given the high H i column densities of IVC135+54, the molecular phase is expected to dominate the ionised phase. To test this hypothesis, we used the Wisconsin Hα mapper survey (WHAMS) data (Haffner et al. 2003) to estimate the column density of ionised hydrogen. Since the angular resolution of WHAMS is about 1 • , it does not allow a spatially precise comparison with the EBHIS and Planck data. We only evaluated the average intensity here, which yields a value of 0.46 ± 0.03 Rayleigh that corresponds to a column density (Lagache et al. 2000, Eq. 2) of N Hα = 0.4 × 10 19 cm −2 . Because this is an order of magnitude below that of neutral atomic hydrogen, neglecting the emission of ionised hydrogen is a valid first order approach. It must however be noted that with the current generation of Galactic H i and dust data, we approach sensitivities at which H ii can contribute to the correlation of H i and dust. Accordingly, a careful treatment of the ionised phase will be mandatory for future models, given the quality of EBHIS/GASS and Planck/IRIS, to name only two.
Because the H i column densities are not sufficiently high (Braun 2012 ; Planck Collaboration 2011 XXIV), we do not expect signifiant H i self-absorption. Therefore, the spatial information of the FIR excess emission and the emissivity IVC high describe the molecular content of the IVC. We re-arranged Eqs. (3) and (6) and solved for the molecular column density in the intermediate-velocity regime:
The factor of two accounts for the fact that H 2 consists of two hydrogen atoms. This equation can be applied to generate maps of upper limits to the molecular hydrogen column density (Fig.  10 ). This result must be treated carefully because it is sensitive to IVC, high , which is difficult to measure properly since it requires an accurate model of the foreground LVC gas. The information on the molecular column density can be compared with the values inferred by Weiß et al. (1999) from measuring 12 CO and 13 CO. They mapped the small region in IVC135+54, indicated by the rectangle in Fig. 10 . Using the line integral of 12 CO, they found W CO = 1 − 10 K km s −1 . This can be converted into molecular hydrogen column densities by adopting an X CO conversion factor of approximately X CO = 4 × 10 20 cm −2 K km s −1 (Draine et al. 2007; Narayanan et al. 2012) . Using this, Weiß et al. (1999) Fig. 10 . Distribution of the cold, dominantly molecular, gaseous phase of IVC135+54. Using Eq. (10), we convert the FIR excess emission (Fig. 7 and 8) into upper limits to the molecular column density. The blue rectangle indicates the region in which Weiß et al. (1999) Furthermore, we note that potential differences in molecular hydrogen column density derived from (a) FIR excess emission and (b) CO line-integral can arise from systematic uncertainties. In their analysis of the infrared cirrus clouds Spider and Ursa Major, Barriault et al. (2010) found that the peaks of FIR excess emission and 12 CO emission peaks do not coincide spatially. A follow-up analysis (Barriault et al. 2011) showed that low densities at the location of the FIR excess peak cause a low CO excitation temperature, which was argued to be the reason for the faint CO emission that causes the misalignment. This highlights the importance of investigating the properties of different tracers and applying them only under the proper conditions.
Galactic latitude
Discussion
Dust-to-gas ratios
Unlike other studies of the dust-to-gas ratio (DGR) in IVCs, we did not mask the FIR excess emission, but included it in the model. Thus, a comparison with other studies is not straightforward. However, the foreground emissivities LVC and IVC, low can be used to compare our results with those found by the Planck Collaboration (2011 XXIV), who investigated the velocity-dependent emissivity of different fields at high Galactic latitudes. For the LVC and IVC component, typical emissivities are around 857 GHz ≈ 0.3−0.7×10 −20 MJy sr −1 cm 2 , which agrees with our results for the correlation with I 857 GHz (Table 2) . Hence, IVC135+54 is an average halo cloud in terms of its DGR for low H i column densities. For the DGR at higher column densities, a comparison is not possible since this part of the data is masked in the study by the Planck Collaboration (2011 XXIV).
For IVC135+54 in particular, the DGR can be compared with the study performed by Weiß et al. (1999) , who fitted a linear correlation to the IRAS and Effelsberg data of the cloud. They did not distinguish between a linear part of the correlation and FIR excess emission. They found the mean emissivities across the entire cloud to be around 3000 GHz ≈ 1 ×
10
−20 MJy sr −1 cm 2 . An inspection of the ratios of IRIS intensity at 3000 GHz and EBHIS total column density yields similar values between 0.7 and 1.2 × 10 −20 MJy sr −1 cm 2 .
The latest study on IVC135+54 by Hernandez et al. (2013) claims that the cloud has an unusual low DGR of 3000 GHz ≈ 0.32 × 10 −20 MJy sr −1 cm 2 , using IRAS and Green Bank Telescope data. Their values are not consistent with those reported here. The main difference probably arises from fact that Hernandez et al. (2013) used IRAS instead of the reprocessed IRIS data. A direct comparison of the two data sets exhibits main differences in de-striping, calibration, and, most importantly here, on the absolute FIR luminosity level.
Origin of the HVC-IVC system
The literature on IVC135+54 suggests different origin scenarios on the observed IVC-HVC system (Weiß et al. 1999; Hernandez et al. 2013 ). We focus on two different questions: (1) are the observed structures remnants of infalling material from the IGM, or do they result from Galactic fountains, and (2) do IVC and HVC have a common origin, or are they shaped by an HVC impact on the disk-halo interface?
Galactic or extragalactic origin
In their analysis on the H i, dust, and metallicity of IVC135+54, Hernandez et al. (2013) focused on question (1) and argued that the distinction between Galactic fountain and extragalactic HVC infall is only possible through evaluating the metallicity (similar to Heitsch & Putman 2009 ). Hernandez et al. concluded that the observed sub-solar metallicity of log (Z/Z ) = −0.43 ± 0.12 dex is a signature of extra-or circumgalactic infall via HVCs. This proposal is consistent with the simulations of Marasco et al. (2013) , showing that the scale height of the hot material of Galactic fountains is about ∼ 1.2 kpc at R = R . Moreover, the HVC associated with IVC135+54 is part of complex C, which is proposed to be accreted from the IGM or stripped off a satellite galaxy (Richter 2012) . This makes an extragalactic origin of the HVC most likely.
For the IVC, we find that its dust emissivity at 353 GHz is similar to or higher than the emissivity of disk gas at low velocities (Table 2) . Since the emissivity is a tracer of metallicity in first order, we conclude that the IVC has approximately solar metallicity. This agrees with the ratio of the dust intensity at 100 µm and the H i column density, which we find to be of the order of 1×10 −20 MJy sr −1 cm 2 across the IVC. Similar ratios are found for other molecular IVCs in the Galactic halo (e.g. Weiß et al. 1999; Magnani & Smith 2010) . Thus, we concluded that the IVC is of Galactic origin, whereas the HVC is associated with complex C and therefore probably of extragalactic origin.
Impact onto the IVC or remnant of HVC infall
To answer the question of whether IVC and HVC interact physically or whether both components are remnant of a larger, infalling HVC, different facts need to be taken into account. For the IVC, we found a head-tail structure (Figure 5 ), but the velocity shift of approximately ∆v LSR = 14 km s −1 can also result from a possible confusion with line-of-sight effects. Brüns et al. (2000) noted that these effects can be 10 km s
. This means that we do not find compelling evidence of ram-pressure interaction of the IVC with the ambient medium, as would be expected if the IVC were indeed descending through the disk-halo interface.
The assumption that the IVC-HVC system has been shaped by the interaction of a static IVC with an infalling HVC agrees with the negative spatial correlation of both clouds and also with the detected VB that connects the two components. The inferred deceleration of the HVC down to the IVC regime is a strong indicator for inelastic interaction. Furthermore, we detected an arc of FIR excess emission that indirectly traces molecular hydrogen in the IVC and is coincident with the proposed impact position of the HVC.
The FIR excess emission can originate from enhanced dust production and thus from associated formation of molecular hydrogen. We calculated the sound velocities in this regime to be 15 km s −1 at most, therefore the velocity difference of approximately 40 km s −1 between HVC and IVC implies supersonic shocks that enhance the pressure locally, which decreases the formation time of H 2 (Guillard et al. 2009; Röhser et al. 2014) . The molecular hydrogen is "invisible" to H i observations, but is consistent with the observed FIR excess emission.
Distance difference between HVC and IVC
The distance to IVC135+54 was determined by Benjamin et al. (1996) to be approximately 355 pc. This is 30 times closer than the 10 ± 2.5 kpc at which HVC complex C is located (Wakker et al. 2007; Thom et al. 2008) . The discrepancy between the distances to these objects is inconsistent with the proposed interaction scenario. Both distances were computed via bracketing with stellar absorption lines. A detailed and helpful description of this procedure is given by Schwarz et al. (1995) .
For complex C, the non-detections and thus the lower limits to the distance are only based on three sight lines that Thom et al. labelled S135, S139 and S441 and that are located towards the low-l, low-b part of complex C. This part has a true angular distance to IVC135+54 of more than 30
• . Indeed, Thom et al. argued that recent data suggest that complex C extends much closer to the plane. Moreover, they noted that the low-l, lowb part in which the sight-lines for the lower limits are located might be farther removed, thus resulting in a distance gradient across the complex.
Furthermore, the large projected angular extent of complex C of about 40
• in combination with the assumed 10 kpc distance leads to a linear extent of 8.4 kpc. If we drop the hypothesis that the complex is a sheet with equal distance to all points, the HVC associated with IVC135+54 can be much closer than the commonly cited 10 kpc, but a distance of only 350 pc appears very unlikely.
To conclude the discussion on the distance discrepancy, the three-dimensional structure of complex C remains elusive, and more work is required to generate a distance map. Based on the work of Thom et al. (2008) , additional sight-lines for bracketing via stellar absorption lines could improve the distance map. For the HVC related to IVC135+54, the indicators for an interaction disagree with the distance of complex C. This means that either the distance to that particular HVC is heavily overestimated, or that another, unknown process that is not a physical connection between HVC and IVC causes the velocity bridge and the associated formation of dust and molecular hydrogen in the IVC.
Conclusion
Using the latest large-scale data sets for neutral hydrogen and interstellar dust, we have investigated the well-studied cirrus cloud IVC135+54, which is located at the disk-halo interface. EBHIS, Planck, and IRIS data were used to study the gas at both intermediate and high velocities, allowing us to probe the threedimensional structure as well as different gas phases. Given the different conclusions on the origin of the IVC-HVC system in previous studies on IVC135+54, we focussed our analysis on the origin of the clouds.
(1) We find that the high-velocity cloud has a head-tail structure in the EBHIS data, combined with a velocity bridge that continuously connects gas from the high-to the intermediatevelocity regime. This indicates a deceleration of the highvelocity cloud.
(2) The far-infrared excess emission in IVC135+54 does not follow the distribution of either the neutral hydrogen or the dust opacity, but is instead enhanced in an arc that is connected with the high-velocity cloud head and the velocity bridge ( Fig. 7 and  10) .
(3) This combination of deceleration and far-infrared excess emission gives rise to the hypothesis that the high-velocity cloud is falling onto the disk-halo interface and interacts with IVC135+54.
(4) From the FIR excess emission we created maps of molecular hydrogen that confirm the presence of H 2 and make IVC135+54 one of the very few intermediate-velocity molecular clouds.
(5) The overall dust-to-gas ratio of IVC135+54 is compatible with the ratios of other infrared cirrus clouds and with previous studies of IVC135+54. By comparing the low H i column density part of the cloud with IRIS data at 3000 GHz and Planck data at 857 GHz, we found 3000 GHz = 0.7 − 1.2 × 10 −20 MJy sr −1 cm 2 and 857 GHz ≈ 0.5 × 10 −20 MJy sr −1 cm 2 , respectively. Despite the advancement in understanding IVC135+54 and its association with high-velocity cloud complex C, there are several questions that remain to be answered to complete the picture:
(a) What is the role of the ionised hydrogen? Can highspatial resolution Hα observations track ionisation generated by the HVC impact?
(b) The indicators for an interaction between IVC135+54 and the HVC are inconsistent with the large distances determined for other parts of HVC complex C. Could the HVC be closer to us than current distance estimations suggest, or are the indicators for an interaction misleading and have another origin?
These questions need to be addressed in future studies related to IVC135+54 to ultimately solve the question of its origin. This requires spatially extended observations of the other gas phases, that is, H ii and molecular gas tracers such as CO, but also a more stringent distance determination to complex C and especially the high-velocity cloud associated with IVC135+54.
